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(57)Abstract 

PROBLEM TO BE SOLVED: To improve accuracy in discriminating 
between true and false medium such as a bill. 
SOLUTION: A CCD sensor 2 reads out an image of a medium as a 
genuine bill by utilizing the transmitted light, and a watermark area 
extracting process unit 9 extracts a pattern of a watermark area 
from the image data, and a NN processing unit 10 eliminates the 
influence of the non-linear fade of the extracted pattern data, and a 
genuineness discrimination unit 12 discriminates the genuineness. 
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* NOTICES * 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Medium truth differentiation equipment characterized by judging the truth of the 
medium for truth differentiation by comparing with the criteria which removed the effect of 
nonlinear dotage of the image data of the watermark read in the medium for truth differentiation, 
and removed the effect of nonlinear dotage of the image data of the watermark read in the 
medium by which truth has become clear. 

[Claim 2] Space from the true medium by which the true watermark was printed, read an image, 
and true watermark image data is acquired. The true description pattern of a watermark is 
extracted from the true watermark image data. A neural network is made to input and learn the 
true description pattern. A neural network's weighting factor and output threshold are 
remembered that the truth of a medium is distinguishable. Image data is acquired from the field 
where the watermark of the medium for truth differentiation is printed. Medium truth 
differentiation equipment characterized by judging the truth of the medium for truth 
differentiation by extracting the description pattern from that image data, inputting into a neural 
network, and comparing a neural network's output and slice value at this time. 
[Claim 3] Medium truth differentiation equipment characterized by having spaced from the fake 
medium by which the watermark of a false was printed, having read the image, having acquired 
fake watermark image data, havmg extracted the rejection pattern of a watermark from the 
watermark image data of the false, and making a neural network input and learn the true 
description pattern and a true rejection pattern while extracting the true description pattern in 
claim 2. 

[Claim 4] In claim 2 or claim 3 study of a neural network Carry out for every class of all media 
to deal with, and it is remembered that a neural network's weight output can judge the truth of a 
medium for every classes of all. The field which acquires the image data of the whole printing 
image surface of the medium for truth differentiation, and distinguishes the class of medium is 
read. Medium truth differentiation equipment characterized by reading and spacing the 
watermark image of the watermark field corresponding to the determined class, and acqiiiring 
image data from the image data of the whole printing image surface of the mediirai for truth 
differentiation after determining the class. 

[Claim 5] In either of claim 2 to claims 4 a neural network With the input layer which outputs a 
predetermined number of concentration values contained in the description pattern, and at least 
one or more interlayers who input the output of this input layer By constituting from perceptron 
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structure which consists of an output layer which inputs this interlayer's output, reading 
beforehand the true description pattern or a true rejection pattern, and learning it Correction is 
added to the load parameter including the network joint load given to the middle class and a bias 
load. In the middle class Sum-of-products data processing is performed using the load parameter 
which added correction, and it outputs to an output layer. In an output layer Medium truth 
differentiation equipment characterized by outputting the truth differentiation resuh of a bill 
based on the true and false information which slices an interlayer's output value and is outputted 
to the output layer by the distinction slice value set up beforehand. 

[Claim 6] Medimn truth differentiation equipment characterized by holding a network joint load 
and a bias load on an integral table, and processing any I/O value of an input layer, an interlayer, 
and an output layer by the integral value in claim 5. 

[Claim 7] It is medium truth differentiation equipment which prepares at least two or more 
output imits defined as outputting truth or a false to an output layer in claim 4, and is 
characterized by distinguishing truth with the output of each output unit. 
[Claim 8] It is medium truth differentiation equipment characterized by making it corrected by 
study so that a network joint load may detect the output error of an output layer in claim 5 and 
the description pattern at that time may be memorized in the case of a large medium with error. 
[Claim 9] Medium truth differentiation equipment characterized by transmitting an alarm signal 
to the high order equipment connected with a commvmication network, and making it a high 
order equipment side report to an operator in claim 2 or claim 3 when distinguished from a false. 
[Claim 10] Medium truth differentiation equipment characterized by preparing a neural network 
independently for every category of a mediimi, changing a neural network for every category of 
the in claim 2 or claim 3, and judging truth. 

[Claim 1 1] Medium truth differentiation equipment characterized by having made the I/O 
function of the sum-of-products operation in a neural network into the sigmoid function, and 
making the inclination adjustable in claim 2 or claim 3. 

[Claim 12] Medium truth differentiation equipment characterized by having the truth distinction 
function which distinguishes the truth of a mediimi fix)m all the printing patterns of a medium in 
claim 2 or claim 3. 

[Claim 13] The image sensors which receive the transmitted Ught which penetrated the medium 
and read the image of a medium, The watermark field extract processing section which spaces 
from the image of the medium which these image sensors read, starts and spaces the image of a 
field, and extracts image data. By comparing with this neural network's output and slice value the 
watermark neural network processing section which consists of an input layer which uses the 
description pattern of said watermark image data as input data, one or more interlayers, and an 
output layer Medium truth differentiation equipment characterized by having the truth 
differentiation section which judges the truth of the medium for truth differentiation. 
[Claim 14] The image sensors which receive the transmitted light which penetrated the medium 
and read the image of a medium. The watermark field extract processing section which spaces 
fix>m the image of the medium which these image sensors read, starts and spaces the image of a 
field, and extracts image data, the description pattern of said watermark image data - the 
difference of a train or a line writing direction ~ the watermark neural network input extracted as 
data - difference - with a data extraction means this - difference - by comparing with this 
neural network's output and slice value the watermark neural network processing section which 
consists of an input layer which uses data as input data, one or more interlayers, and an output 
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layer Medium truth differentiation equipment characterized by having the truth differentiation 
section which judges the truth of the medium for truth differentiation. 

[Claim 15] The image sensors which receive the transmitted light which penetrated the medium 
and read the image of a medixmi, The watermark field extract processing section which spaces 
from the image of the medium which these image sensors read, starts and spaces the image of a 
field, and extracts image data, the description pattern of said watermark image data -- the 
difference of a train or a line writing direction ~ the watermark neural network input extracted as 
data - difference ~ with a data extraction means said difference ~ the watermark neural network 
who performs gain amendment of data ~ difference ~ with a data gain amendment means the 
difference after gain amendment ~ by comparing with this neural network's output and slice 
value the watermark neural network processing section which consists of an input layer which 
uses data as input data, one or more interlayers, and an output layer Medimn truth diff^entiation 
equipment characterized by having the truth differentiation section which judges the truth of the 
medium for truth differentiation. 

[Claim 16] The image sensors which receive the transmitted Ught which penetrated the medium 
and read the image of a medium. The watermark field extract processing section which spaces 
fi-om the image of the mediimi which these image sensors read, starts and spaces the image of a 
field, and extracts image data, A watermark neural network input differential data extraction 
means to extract the description pattern of said watermark image data as differential data using a 
differential spatial filter. By comparing with this neural network's ou^ut and slice value the 
watermark neural network processing section which consists of an input layer which uses these 
differential data as input data, one or more interlayers, and an ou^ut layer Medium truth 
differentiation equipment characterized by having the truth differentiation section which judges 
the truth of the medium for truth differentiation. 



[Translation done.] 



* NOTICES * 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. hi the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention reads optically the watermark sections, such as a graphic 
form printed especially to media, such as a bill, about medium truth differentiation equipment, 
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and relates to the equipment which judges the truth of a medium based on the image of the 

watermark section. 

[0002] 

[Description of the Prior Art] There is bill truth differentiation equipment used for the automatic 
machine handling a bill as conventional medium truth differentiation equipment. Drawing 30 is 
the block diagram showing the configuration of conventional medium truth differentiation 
equipment. The image read station 50 which reads the image of the printing pattem of the whole 
surface of Bill P this medium truth differentiation equipment 500 of whose is a handling 
medium. The pretreatment section 51 which integral-izes the pixel of the read image data and 
performs firom there pretreatment which extracts and mosaic-izes the watermark pattem of Bill P, 
and graduates it, The denomination distinction section 52 which distinguishes a denomination, 
and the envelope processing section 53 which performs envelope processing to the image data 
read by the image read station 50, It has the truth differentiation section 54 which judges a 
metallurgy kind, an envelope processing result, etc. synthetically as a resuh of pretreatment, and 
judges the truth of a bill. 

[0003] Next, the conventional bill truth differentiation processing is explained. Drawing 31 is a 
flow chart which shows the bill truth differentiation processing. With conventional bill truth 
differentiation equipment 500, the image read station 50 uses the whole printing image surface of 
Bill P as an optical transparency pattem, electrical-signal-izes it, incorporates it, and image data 
is acquired (S50). The characteristic description image data in the image data which the 
pretreatment section 51 acquired, For example, while extracting the image data of a watermark 
(S5 1), the denomination distinction section 52 reads in image data the field which has indicated 
the denomination, and determines a denomination (S52). The envelope processing section 53 
compares the image data and the description image data on the basis of a category of the bill P, 
and determines the category (S53). The result of a metallurgy kind or envelope processing is 
synthetically judged as a result of pretreatment of the tmth differentiation section 54, and the 
tmth to a category is judged (S54). 

[0004] Next, said pretreatment is explained. Drawing 32 is the explanatory view of pretreatment, 
at the time of bill image (image data) acquisition of a bill, is spaced through (2) (3) at the time of 
integral normalization of a bill image, and shows the concept at the time of tiie extract of a field 
in this drawing (1). The data of the read bill image is integrated with and smoothed by the pixel 

block of nxm size in the whole surface. 

[0005] Moreover, said envelope processing is processing which judges whether it enters between 
the minimimi of the concentration data with which the concentration data of the pixel which read 
and acquired the image of the printing pattem of the whole surface of whether the signal level of 
the image data read by the image read station 50 is in a criteria density range and Bill P that is, 
are registered beforehand, and the upper limit. When performing this envelope processing, the 
normality of distribution of the concentration data of a pixel needs to be guaranteed. 
[0006] 

[Problem(s) to be Solved by the hivention] However, in the Prior art mentioned above, the 
printing image of a bill is read using tiie transmitted light, since pretreatment and envelope 
processing are performed and he is trying to judge the tmth of a bill, it may space according to 
the description of these processings, a pattem may fade, and there is a problem that tmth of the 
bill by watermark cannot be judged correctly. 

[0007] That is, with pretreatment, the pixel of the read image data is integral-ized and it spaces 
firom tiiere, and since the pattem was extracted and mosaic-ized and is graduated, it will 
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essentially space and a pattern will fade. Moreover, in envelope processing, in case the 
watermark field which is the description of a bill is recognized, it may space under the effect of 
nonlinear elements, such as mediation of the polygonal line in the dirt of the watermark part of a 
bill, a location gap of a watermark, or a watermark field, and a pattern may fade. 
[0008] Therefore, at the time of envelope processing, since distinction precision of a watermark 
was not able to be raised with conventional bill truth differentiation equipment, it was 
inadequate. [ of differentiation of the watermark pattern which is one of the advantages of optical 
system using the transmitted Ught ] This invention makes a technical problem ** which solves 
such a problem. 
[0009] 

[Means for Solving the Problem] Therefore, this invention is characterized by judging the truth 
of the medium for truth differentiation on a configuration by comparing with the criteria which 
removed the effect of nonlinear dotage of the image data of the watermark read in the medium 
for truth differentiation, and removed the effect of nonlinear dotage of the image data of the 
watermark read in the medium by which truth has become clear. Since it can pretreat to the 
image read in the watermark field ciurently printed by media, such as a bill, using the transmitted 
light etc., the effect of nonlinear dotage can be removed fi-om the smooth image of the shape of a 
mosaic of the watermark field which is the output and a watermark pattern can be distinguished 
even if this does not perform envelope processing like before, truth of media, such as a bill, can 
be judged correctly and with high precision. 
[0010] 

[Embodiment of the Invention] First, in truth differentiation of the watermark field of a medium, 
a neural network's (it is hereafter written as NN) advantage used by this invention is explained. It 
is possible to catch the connection relation of each data which NN is excellent in self-organizing 
capacity, and constitute a pattern, and it has the description that the normal pattern of a basis is 
guess and character differentiation can be carry out to carry out differentiation which was 
mistaken when noises, such as dirt, were contained in some data, or when missing, by the 
conventional statistical differentiation technique which compares the absolute value of the data 
of pattern each. 

[00 11] Moreover, when NN makes a pattem space separate nonlinear to the technique of judging 
the conventional size relation depending on general linearity separation, the high separation 
interface of precision is obtained. Below, it explains as compared with the technique of the 
conventional linearity separation of the advantage in the pattem recognition of NN. 
[0012] Drawing 14 is the explanatory view of the conventional category separation in a two- 
dimensional pattem space. If it considers that the case of Category A, Category B, and Category 
C where three sorts of pattems were distributed, respectively illusti-ated at the two-dimensional 
pattem flat surface which sets to X the axis of abscissa shown in this drawing, and sets an axis of 
ordinate to Y hi extracting distribution ****** of the pattem of Category A by the linearity 
separation by the conventional statistical method, the rectangle field surrovmded by the segment 
of X coordinate A (x=A) and B (x=B) and Y coordinate C (y=C) and D (y=D) serves as extract 
area of the category A for which it asks. 

[0013] However, it is impossible for some samples (for the pattem which carried out the drawing 
middle-coat grain to be equivalent to this) of categories B other than Category A and Category C 
to exist in this area, and to extract only the pattem of Category A firom three category distiibution 
by the rectangular segment by tiiis technique. This is also the same as when extiracting the 
distiibution field of the pattem of Category B and Category C. 
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[0014] Drawing 15 is the explanatory view of the category separation using NN. As shown in 
this drawing, when NN is used, it is possible to dissociate by the multi-degree-of-freedom 
segment by making Category A, Category B, and Category C in the same pattern space as 
drawing 14 into a nonlinear field, and as illustrated, extraction separation of the category A can 
be carried out certainly. 

[0015] When the location between categories is close and it cannot dissociate from the above 
reason in the rectangle range, for example, also when dispersion in a pattern is large and linearity 
separation cannot be carried out completely, it can dissociate certainly by using NN. Also in 
differentiation of the watermark field of the medium in the gestalt of this operation, especially 
this watermark field tends to become dirty, and although the thing which perform truth 
differentiation of a medium with a sufficient precision from the pattern of these watermark field 
by the conventional technique and to do was very difficult since dispersion in a location gap or 
thickness was also large, it is become possible to perform truth differentiation with a sufficient 
precision simply by use NN, 

[0016] On the other hand, if the number of units constituted if NN puts it in another way as the 
scale becoming large increases, the processing time becomes long, and although the hardware of 
dedication etc. is needed separately and will become unreal also from a cost side when it 
produces commercially However, since the scale of NN is small, it ends and the processing time 
is also short, since the watermark field of a medium is generally used for some media, and it 
ends, it can respond only by software, and the application range as truth differentiation 
equipment of a medium is also wide. 

[0017] Next, the truth differentiation precision of NN and the conventional statistical method is 
explained. As explained to the detail until now, NN can carry out the separation extract of the 
target category set efficiently from a n-dimensional pattern space. That is, considering carrying 
out a true ticket distribution set and a fake bill distribution set for 2 minutes, to a true ticket 
distribution set being a known set, a fake bill distribution set is a strange set which caimot be 
predicted, and true ticket differentiation precision can evaluate objective in the magnitude of the 
tme ticket hold volume on the n-dimensional pattern space of the tine ticket distribution set 
which is known. 

[0018] This hold volume can be described using a normalization distance value. Drawing 16 is 
the explanatory view showing the definition of a normalization distance value. In this invention, 
as shown in drawing, the distance (difference absolute value of a value) of the central value 
(average value) of data distribution of each dimension in a pattern space and actual data is 
defined as a normalization distance value. 

[0019] Data are approximated to Gaussian distribution and D in drawing is equivalent to the 
normalization distance value in this case. The total normalization distance value (square root of 
the total which carried out the square of the normalization distance value in each dimension) in 
the n-dimensional pattem space by the conventional technique Dp, For the true ticket hold 
volume (****) of the conventional technique, the true ticket hold volume (Vn) of the NN 
technique is [ the true ticket hold volume / in / when it by the NN technique is Dn, tiie relation of 
Dp>Dn is materialized, therefore / a n-dimensional pattem space ] Vn=Dnn to ****=Dpn and 
this appearance. It is represented. 

[0020] That is, the hold volume serves as n-th power of a total normalization distance value, and 
truth differentiation precision becomes higher, as the hold volume becomes small. That is, in 
inverse proportion to the n-th power of a total normalization distance value, it becomes high, 
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fake bill detection precision compares with the former with NN method, and truth differentiation 
precision is Dpn/Dnn. Double-improving is shown. 

[0021] Drawing 17 is the explanatory view having shown typically the relation between the hold 
volume and a total normalization distance value, the hold volume is volume of the n-dimensional 
ball which makes a total normalization distance value a radius, and it is shown to the hold 
volume by the conventional technique that the hold volume by NN is small. Hereafter, the gestalt 
of operation of this invention is explained with reference to a drawing. In addition, although the 
bill truth differentiation equipment used for the automatic machine handling a bill as medium 
truth differentiation equipment of this invention is mentioned as an example and explained, 
thereby, this invention is not limited. Moreover, differentiation of the truth of a bill shall be 
performed to the time of making a bill convey, discriminating automatically and holding, or 
suitable timing. 

Gestalt drawing 1 of the 1st operation is the block diagram showing the 1st configuration of the 
gestalt of operation, and drawing 2 is the explanatory view of a contraction transmitted light 
study system. 

[0022] This bill truth differentiation equipment 100 is equipped with the recognition conveyance 
unit 1, the CCD sensor 2, the A/D-conversion section 3, buffer memory 4, a control circuit 5, the 
pretreatment section 6, a denomination and the direction distinction section 7, the reference 
storing section 8, the watermark field extract processing section 9, NN processing section 10, 
NN processed-data storing section 11, the truth differentiation section 12, and the truth 
differentiation data storage section 13. 

[0023] Said recognition conveyance unit 1 has the contraction transmitted light study system 
which is made to reduce the transmitted light when irradiating the light which LED14 emits at 
Bill X as shown in drawing 2 with a lens 15, and carries out image formation to the CCD sensor 
2, and the CCD sensor 2 makes the transparency image in which image formation was carried 
out by the contraction transmitted Ught study system an analog image data, and carries out photo 
electric conversion. This analog image data is amplified with the amplifier which is not 
illustrated, and is outputted to the A/D-conversion section 3. 

[0024] The A/D-conversion section 3 changes the analog image data of a transparency image 
into a digital image data, and in order that this digital image data may carry out concentration 
amendment to the unevenness of the illuminance distribution of the light source, data correction 
of it is carried out by the shading compensation section which is not illustrated. Said buffer 
memory 4 stores the amended digital image data. Said control circuit 5 outputs the signal Tl 
which controls the CCD sensor 2, the signal T2 which controls the A/D-conversion section 3, 
and signal T3 which controls buffer memory 4, and it is made to process it, taking each timing. 
[0025] Said pretreatment section 6 reads the digital image data stored in said buffer memory 4, 
carries out normal and product differentiation, compresses, and is outputted as description data. 
Said denomination and direction distinction section 7 compare the reference data and the 
description data which have been set up beforehand, and distinguishes the class of bill, and the 
acquired conveyance direction of a bill. The classes of bill are denominations, such as 1000 
tickets and 10,000 tickets. Moreover, the conveyance direction of a bill is data for identifying 
four directions and the fi-ont flesh side of a transparency image of a bill which were read. 
[0026] Said reference storing section 8 stores the reference data which a denomination and the 
direction distinction section 7 refer to. Said watermark field extract processing section 9 is 
extracted from the description data of bills, such as a bill for truth differentiation, as a description 
pattern of a watermark of the field applicable to the field to which the watermark of the class of 
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distinguished bill is printed. In other words, location logging for a watermark field of the bill of 
the denomination distinguished in order to employ the description of a contraction transmitted 
light study system efficiently is carried out and spaced, and the pixel of a field is extracted as a 
description pattern. 

[0027] Said NN processing section 10 loads a load parameter fi-om NN processed-data storing 
section 11, and carries out sum-of-products data processing using an I/O fimction. In addition, as 
an I/O fimction, there is a sigmoid fimction of the non-line type fimction saturating to 0 and 1, 
for example, and it explains supposing this case. Said NN processed-data storing section 1 1 
stores load and threshold table lib which defined the number of layers, number of units 1 la and 
a load parameter, and threshold of NN, distinction slice value 1 Ic, etc. Especially a load 
parameter is stored as a result learned so that the true description pattern might be inputted and 
the truth of a bill could be distinguished, after spacing from the true bill with which the true 
watermark was printed, spacing the true description pattern of a watermark from the true 
watermark image data which read and acquired the image by the CCD sensor 2 and the field 
extract processing section's 9 extracting. 

[0028] Said truth differentiation section 12 measures an output when the description pattern of 
the bill for truth differentiation is inputted into NN processing section 10, and an output when the 
description pattern of a tiixe bill is inputted into NN processing section 10, and fransmits a 
differentiation result to the high order equipment which does not judge and illusfrate tinth. Said 
ti^th differentiation data storage section 13 memorizes beforehand the output when the 
description pattern of a true bill is inputted into NN processing section 10. For example, in the 
case of the sigmoid fimction, finally, the data of the output layer of NN processing section 10 set 
up that it is a true ticket at the time of the value near 1 or this. 

[0029] Next, NN which constitutes NN processing section 10 is explained. Drawing 3 is the 
conceptual diagram showing the configuration of NN. In addition, as long as it is the nimiber of 
layers which can remove the effect of nonlinear dotage of the image data of the watermark read 
in the bill as a configuration of NN, you may be how many layers, and it considers as the neural 
network (NN) of three layers who consists of an input layer, an interlayer, and an output layer, 
and the case where high processing speed demanded as bill differentiation is realized is 
explained here. 

[0030] hi drawing, the number of units of 88 pieces and interlayer 10b make the number of units 
of 50 pieces, and output layer 10c the nvmiber of units of two pieces, and input layer 10a has 
attached unit numbers 1, 2, and 3 and - sequentially from the left, respectively. The 
concentration data of a watermark field are inputted into each imit of input layer 10a, the 
concentration data is normalized in 0-1, and it ou^uts to each unit of interlayer 10b by making 
into an output value the value normalized and acquired. Association of interlayer 10b at this time 
and input layer 10a is all association, and each unit of each interlayer 10b is combined with all 
the units of input layer 10a. Similarly, association of output layer 10c and interlayer 10b is also 
all association. 

[0031] Below, the input / output relation type of each class of NN processing section 10 based on 

NN theory generally known is shown. In addition, f (x) is an I/O fimction, uses a sigmoid 

fimction as an I/O fimction here, and may be f(x) =l/(l+exp (-x)). Related Oj =f of input layer 

10a and interlayer 10b (Ij) 

Ij =sigma Wij-Oi+thetaj (i|i= 1, 2, ~, N) 

Oj=f(Ij) 
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Oi : output Ij of the unit i of input layer 10a : Input Oj to the unit j of interlayer 10b : The output 
Wij of the unit j of interlayer 10b: Joint load thetaj of the unit i of input layer 10a, and the unit j 
of interlayer 10b : The threshold N of tiie unit j of interlayer 10b: The number of units of input 
layer 10a (the example here N= 88) 

Related I2j =sigma(W2ij-02i)+theta2j of interlayer 10b and output layer 10c (i= 1, 2, --, N2) 

02j =f(I2j ) 

I2j joint load 02i of the unit i of input W2ij:interlayer 10b to the unit j of :output layer 10c, and 
the unit j of output layer 10c : Output theta2j of the unit i of interlayer 10b : Threshold 02j of the 
unit j of output layer 10c : the output of the unit j of output layer 10c ~ that is. If the image data 
of a watermark inputs into each unit i of input layer 10a, each unit i of input layer 10a is an 
output value Oi. It ou^uts. 

[0032] This output value Oi Weighting based on the joint load Wij of the unit i of input layer 10a 
and the unit j of interlayer 10b is made, and it will be inputted into each unit j of interlayer 10b. 
since [ therefore, ] each unit of each class is all association ~ each unit j of interlayer 10b ~ each 
output value Oi of each unit i of input layer 10a total -- input value Ij ****** - it will input. 
[0033] The input value Ij Ij =sigma(Wij-Oi)+thetaj It is computed, here - sigma -- i= -- 1, 2, --, 
the total when being referred to as N (= 88) ~ it is ~ thetaj It is the threshold of the unit j of 
interlayer 10b. next -- each unit j of interlayer 10b ~ input value Ij I/O function f (x) ~ being 
based - changing - output value Oj of the unit j of interlayer 10b ****** - it outputs to each 
units 1 and 2 of output layer 10c. 

[0034] Here, a sigmoid function is used and it is an output value Oj. Oj =f(Ij) =l/(l+exp (- Ij)) 
It is come out and computed. And in each unit j of output layer 10c (1 j= 2), weighting based on 
joint load W2ij of the unit i of interlayer 10b and the unit j of output layer 10c is made, and it 
will be inputted into each unit j of output layer 10c. since [ therefore, ] each unit of each class is 
all association ~ each unit j of ou^ut layer 10c ~ each output-value 02i of each unit i of 
interlayer 10b total -- input- value I2j ****** - it will input. 

[0035] Input- value I2j It is computed by I2j =sigma(W2ij-02i)+theta2j. here ~ sigma -- i= - 1, 
2, ~, the total when being referred to as N2 (= 50) ~ it is ~ theta2j It is the threshold of the unit j 
of output layer 10c. next -- each unit j of interlayer 10b ~ input-value I2j I/O function f (x) - 
being based - changing ~ output-value 02j of the unit j of output layer lOc ****** ~ it outputs 
to the truth differentiation section 12. 

[0036] Here, a sigmoid function is used and it is output-value 02j. 02j ^f(I2j) =l/(l+exp (- I2j)) 
It is come out and computed. Then, output-value 02j of the unit j of output layer 10c finally 
outputted in the truth differentiation section 12 It slices with a suitable slice value and truth is 
judged. That is, output- value 02j Since it is computed as a decimal which 0-1 followed with the 
sigmoid function, for example, when a sUce value is set to 0.8, when truth and 2 are made to 
learn as a false, the unit 1 of output layer 10c When the output of 0.8 or more and 2 has the 
output of output layer 10c close to 0 or 0, it is judged as a true ticket, and when the ou^ut of 0.8 
or more and 1 has the output of output layer 10c conversely close to 0 or 0, it is judged as a fake 
bill. 

[0037] In addition, the slice value and the decision criterion are stored in the truth differentiation 
data storage section 13. Next, watermark NN distinction processing of the gestalt of the 1st 
operation is explained. Drawing 4 is a flow chart which shows the watermark NN distinction 
processing. First, the transparency image of a bill is read by the recognition conveyance unit 1 
and the CCD sensor 2 (Sal). After the pretreatment section 6 performs edge logging, an integral 
and normalization, and denomination distinction of a transparency image (Sa2, Sa3, Sa4), It 
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spaces by the watermark field extract processing section 9, a field is started (Sa5), the 
concentration of the watermark field is extracted, concentration conversion of 0-1 is performed, 
and it outputs to NN processing section 1 0 (Sa6). 

[0038] Then, processing which removes the effect of nonlinear dotage of image data is 
performed to the watermark field by NN processing section 10 (Sa7). First, if image data is 
outputted to each unit of input layer 10a as mentioned above (Sa7**), as mentioned above, the 
operation based on a joint load will be performed for every unit, and the result of an operation 
W12 will be outputted to each unit of interlayer 10b (Sa7**). As interlayer 10b was also 
mentioned above, the operation based on a joint load is performed for every unit, and the resuh 
of an operation W23 is outputted to each units 1 and 2 of output layer 10c (Sa7**). In each units 
1 and 2 of output layer 10c, as mentioned above, the operation based on a joint load is performed 
for every [ each unit 1 and ] two, and outputs the value to 0-1 to the truth differentiation section 
12, respectively. And as mentioned above with reference to the shce value which has been stored 
in the truth differentiation data storage section 13 and which was mentioned above, truth is 
judged (Sa8), the differentiation resuh is displayed on the display which is not illustrated, and the 
truth differentiation section 12 reports truth to an operator. 

[0039] Therefore, in the truth differentiation section 12, tiiith can be judged in the condition that 
there is no effect of nonUnear dotage of image data, by judging truth with a slice value. Next, 
watermark NN study processing in which the joint load of each imit in each class is determined 
is explained. 

[0040] Drawing 5 and drawing 6 are flow charts which show the watermark NN study, this 
watermark NN study ~ for example, BP (back pro vacation: error back propagation) ~ law is 
appUed. The watermark pattern of some true tickets and the watermark pattern of a fake bill are 
prepared beforehand, a least-squares error is computed, and it carries out by making it feed back 
to NN. For example, what is necessary is performing study serially for every pattern, and making 
it just make it learn until an error's becomes 0.08 or less. 

[0041] First, the tiransparency image as a sample truth is proved by the recognition conveyance 
tmit 1 and the CCD sensor 2 that it is is read (Sbl). After the pretreatment section 6 performs 
edge logging, an integral and normalization, and denomination distinction of a ti-ansparency 
image, (Sb2 Sb3, Sb4), It spaces by the watermark field extract processing section 9, a field is 
started (Sb5), the concentration of the watermark field is extracted, concentration conversion of 
0-1 is performed, and it outputs to NN processing section 10 (Sb6). Under the present 
circumstances, it substitutes for the memory which does not illustrate the read data until it reads 
all samples (Sb7), and the above-mentioned processing is repeated imtil it reads all study data 
(Sb8). Then, processing to which the watermark field removes the effect of nonlinear dotage of 
image data by NN processing section 10 is performed. First, if each class of NN is initialized 
(Sb9) and image data is outputted to each unit of input layer 10a, the operation based on an early 
joint load will be performed for every unit, and the result of an operation W12 will be outputted 
to each unit of interlayer 10b (SblO). As interlayer 10b was also mentioned above, the operation 
based on an early joint load is performed for every unit, and the result of an operation W23 is 
outputted to each imits 1 and 2 of output layer 10c (Sbl 1). 

[0042] Next, the acciunulation square error E of the result of an operation W23 and teacher data 
is detected (Sbl 2), when SblO-Sbl3 are repeated and the accumulation square error E becomes 
smaller than the predetermined value epsilon until it carries out about all study data, it spaces, 
and NN study processing is ended, and processing is moved to Sbl 5 in the condition that the 
accumulation square error E is not smaller than the predetermined value epsilon. 
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[0043] And if image data is substituted for each unit of input layer 10a (Sbl5), the operation 
based on a joint load is performed for every unit, and the result of an operation W12 will be 
amended by correction value **W12, and will be outputted to each unit of interlayer 10b (Sbl6). 
Interlayer 10b is also amended by correction value **W23, and the result of an operation W23 is 
outputted to each units 1 and 2 of output layer 10c (Sbl7). 

[0044] Next, the accumulation square error of the result of an operation W23 and teacher data is 
detected, and processing is moved to Sb20 (Sbl8). At this tune, load correction processing is 
performed with processing of Sb20 in the condition that the accumulation square error E is not 
smaller than the predetermined value epsilon (Sbl9). That is, correction value **W23 are 
determined as correction value **W12. What is necessary is just to decide the amendment width 
of face beforehand. 

[0045] hi addition, if Sbl6-Sb20 are repeated and all training patterns are ended until it carries 
out about all study data, processing will be returned to SblO. Since the truth can be judged by the 
processing using NN of tiie pattern of a bill watermark field according to the bill truth 
differentiation equipment of the gestalt of implementation of the above 1st, Even if it does not 
perform envelope processing like before, it pretreats to the image read in the watermark field 
currently printed by the bill using the transmitted light etc. The effect of nonlinear dotage can be 
removed from the smooth image of the shape of a mosaic of the watermark field which is the 
output, and a watermark pattem can be distinguished now. Therefore, very highly precise 
recognition strong against noises which fully took the description for a watermark field into 
consideration, such as dirt and a crease, is attained, and truth of a bill can be judged now 
correctly and with high precision. Therefore, all watermark patterns are enabled not to be based 
on a denomination but to judge the truth according to the generalization capacity of NN, and 
parameters can be sharply reduced now. 

[0046] The gestalt of operation of gestalt **** 2 of the 2nd operation is 0 to 2n about an input at 
this example to having been what mainly attained improvement in the speed of processing speed, 
and the input value of each class of NN having been a fractional value of the discontinuity of 0 to 
1 with the gestalt of implementation of the above 1st. It enables it to treat as an integral value. 
For example, by the concentration data of 8-bit A/D conversion, it will specify in the range to 0- 
256 of n= 8. Moreover, what is necessary is to memorize to ROM which is not beforehand 
illustrated as a table of a count result, and just to also read the output of the sigmoid function at 
this time one place, when READ(ing) the parameter of NN. 

[0047] Drawing 7 is the block diagram showing the 2nd configuration of the gestalt of operation. 
This bill truth differentiation equipment 100 is equipped with the recognition conveyance unit 1, 
the CCD sensor 2, the A/D-conversion section 3, buffer memory 4, a control circuit 5, the 
pretreatment section 6, a denomination and the direction distinction section 7, the reference 
storing section 8, the watermark field extract processing section 9, NN processing section 10, 
NN processed-data storing section 1 1, the truth differentiation section 12, and the truth 
differentiation data storage section 13. 

[0048] In these configurations, the data stored in NN processed-data storing section 1 1 are 
different from the case of the gestalt of implementation of the above 1st, and NN processing 
section 10 which processes the data on a radical is different. That is, with the gestalt of operation 
of **** 2, NN processed-data storing section 1 1 is equipped with 1 Id of sigmoid function tables. 
An example of a sigmoid function table is shown in drawing 8 . In 11 d of this sigmoid function 
table, in the case of the address 0002592, an input value is set to 2592 / 2= 1296, and an actual 
value is set to (1296-2000) / 256=-2.75, for example. Moreover, 15 which the output value of the 
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sigmoid function to this input value gave the drawing Nakashita line is referred to, and an actual 
output value is set to 15 / 256= 0.06. That is, the input value of the address 0002592 is -2.75, and 
it means that the output value at this time is 0.06. 

[0049] hi addition, generally, although treated in hexadecimals by digital processing, it expresses 
with the decimal number here for explanation. Therefore, a joint load is also changed and 
memorized for an integer from a decimal. At the gestalt of implementation of the above 1st, a 
joint load is 2n about this, although it was a forward negative fraction. Since an output value is 
expressed as an integral value in order to double and to memorize as an integer, and it can 
constitute from easy processing of only an integer sum-of-products operation, very high-speed 
processing speed can be realized without spoiling precision. 

[0050] Moreover, on condition that the gestah of implementation of the above 1st, when the 
output of 205 or more and 2 has the output of output layer 10c close to 0, and the output of 205 
or more and 1 has the output of true ticket and output layer 10c close to 0, it becomes a fake bill. 
The flow chart of watermark NN distinction processing of the gestah of the 2nd operation is 
shown in drawing 9 . First, after it reads a transparency image by the recognition conveyance 
unit 1 and the CCD sensor 2 (Scl) and the pretreatment section 6 performs edge logging, an 
integral and normalization, and denomination distinction of a fransparency image (Sc2, Sc3, 
Sc4), it spaces by the watermark field extract processing section 9, and a field is started (Sc5). 
Then, processing which removes the effect of nonlinear dotage of image data is performed to the 
watermark field by NN processing section 10 (Sc6). First, if image data is outputted to each unit 
of input layer 10a as mentioned above (Sc6**), as mentioned above, the operation based on a 
joint load will be performed for every unit, and the result of an operation W12 will be outputted 
to each unit of interlayer 10b (Sc6**). As interlayer 10b was also mentioned above, the operation 
based on a joint load is performed for every unit, and the result of an operation W23 is outputted 
to each units 1 and 2 of output layer 10c (Sc6**). In each units 1 and 2 of output layer 10c, as 
mentioned above, the operation based on a joint load is performed for every [ each unit 1 and ] 
two, and outputs the value to 0-1 to the truth differentiation section 12, respectively. And with 
reference to the slice value which has been stored in the truth differentiation data storage section 
13 and which was mentioned above, as mentioned above, truth is judged (Sc7), the 
differentiation resuh is displayed on the display which is not illustrated, and the truth 
differentiation section 12 reports truth to an operator. Therefore, in the truth differentiation 
section 12, truth can be judged in the condition that there is no effect of nonlinear dotage of 
image data, by judging truth with a slice value. 

[0051] According to the gestaU of implementation of the above 2nd, since it becomes 
unnecessary to carry out concentration transform processing of 0-1 with the effectiveness of the 
gestalt of implementation of the above 1st compared with the case of the gestalt of 
implementation of the above 1st, processing speed can improve sharply. 
Although it was the case where truth was distinguished [ with the gestalt of implementation of 
the gestalt above 1st of the 3rd operation, or the gestah of implementation of the above 2nd ] as a 
value near 256 or the value near this, 0, or this, for example With the gestalt of operation of**** 
3, the three or more numbers of units of output layer 10c were prepared, and in the case of the 
true ticket, when all the units were ON and a fake bill, the truth differentiation section 12 
processed [ all the units ] the training pattern as OFF. 

[0052] Next, the differentiation type forjudging truth is shown. In addition, Oj shows each 
output value in output layer 10c. That is, in the case of a true ticket, it is 01+02+. ~ It 
distinguishes by + Oj>=alpha and, in the case of a fake bill, is 01+02+. ~ It distinguishes by + 
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Oj<alpha. Thereby, with the gestalt of operation of**** 3, it becomes possible to raise a 
network margin, and as differentiation is also shown in a degree type, when it is beyond a slice 
value with total of the output value of all units, it can process in the condition of a fake bill a true 
ticket and except it. This shows that it is possible to treat like treatment by the comparison of the 
conventional envelope method. 

[0053] Therefore, according to the gestalt of operation of**** 3, it becomes possible to raise the 
further differentiation precision. 

The gestalt of operation of gestalt **** 4 of the 4th operation improves the configuration at the 
time of the parameter design of NN. Explanation of the same configuration as the gestalt of 
implementation of the above 1st etc. or processing is omitted. 

[0054] Drawmg 10 is the important section block diagram of the gestalt of the 4th operation. It 
spaces in drawing and fundamental processing of the field extract processing section 9, NN 
processing section 10, and the tiiith differentiation section 12 is the same as that of the gestalt of 
implementation of the above 1st. As other configurations, it has the description data extraction 
and the preservation section 14, the tinning pattern database 15, and the load parameter storing 
section 16. 

[0055] With the gestalt of operation of **** 4, whenever it performs truth differentiation, 
updating of the load parameter given to NN processing section 10 is enabled. That is, it is 
necessary to make it carry out separately about study only by the differentiation function with the 
configuration of the gestalt of operation of the above 1st using another simulation terminals (PC, 
WS, etc.). However, when it thinks in the viewpoint of a recognition rate, even if it is a tine 
ticket in the dirt for a watermark field, a location gap, etc. Although the case where it rejects is 
very rare, when it generates, the printing pattern before and after integral-izing of the watermark 
field of the bill which rejected is stored. It uses as an object for analysis behind, or the training 
pattern is memorized beforehand, as a configuration whdch can add these rejection patterns to a 
training pattern by assignment afterwards, stiidy is made possible inside equipment and renewal 
of sequential of the load parameter is carried out. 

[0056] In the case of a true ticket, it processes like the gestalt of implementation of the above 1st 
as a normal ticket, but the truth differentiation section 12 saves the pattern before and behind 
contraction of the watermark field of the bill in the description data exfraction and the 
preservation section 14, when set to NG. The data is used as an object for analysis, in the case of 
the pattern of a tirue ticket, is selected behind, and registers the pattern after reducing to the 
training pattern database 15 into it. Furthermore, the load parameter of the load parameter storing 
section 16 is updated at any time by study based on the training pattern database 15. 
[0057] Therefore, since it can update in a more suitable load parameter according to tiie gestalt 
of implementation of the above 4th when actually carrying out truth differentiation, the suitable 
truth differentiation adapted to the system is attained, and the version up which considered the 
recognition rate of equipment etc. is being able to carry out comparatively easily. 
When the tioitii differentiation section 12 discriminates fi-om NG with the gestalt of 
implementation of the above 1st, by ATM etc., a customer's tiansaction log is extracted and is 
memorized in the storage section which is not illustrated, and reference behind is enabled and it 
is made for the gestalt of operation of the gestalt of operation of gestah **** 5 of the 5th 
operation to report to high order equipment etc. in the case of a false. For example, if the log of 
dealings time, the account number, etc. is carried out or it reports each time, it will also become 
possible to prevent a crime in advance. 
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[0058] Therefore, although it used the forged ticket etc. when recognizing forgery of a bill etc. 
carried out the log of dealings time, the account number, etc. in **** again, since according to 
the gestalt of operation of **** 5 it becomes easy to specify, security nature improves. 
With the gestalt of operation of gestalt **** 6 of the 6th operation, it is the case of the gestalt of 
implementation of the above 1st, and is processing when the truth differentiation section 12 
discriminates from NG, for example. 

[0059] Drawing 1 1 is the important section block diagram showing the gestalt of the 6th 
operation. In drawing, fundamental processing of the reference storing section 8, a denomination 
and the direction distinction section 7, the watermark field extract processing section 9 and NN 
processing section 10, and the truth differentiation section 12 is the same as that of the gestalt of 
implementation of the above 1st. two or more loads parameter storing section [ as other 
configurations ] 16(1)- 16 (n) - having ~ the output of said denomination and direction 
distinction section 7 ~ each load parameter storing section 16 (1) - it inputs into 16 (n) and the 
load parameter according to a denomination is stored, 

[0060] That is, it is what was characterized by changing the target load parameter after a 
denomination and direction distinction processing, for example, when 12 categories of a 
denomination and a direction exist, 12 different load parameters are beforehand registered by 
study for every pattern, and it chooses if needed. For example, in the case of the category of 
1000 tickets, a table, and erection, differentiation precision is raised using the parameter 
corresponding to this. 

[0061] According to the gestalt of operation of **** 6, since the load parameter according to a 
denomination exception, the conveyance direction exception, or its front flesh side can be set up, 
improvement in the further differentiation precision is expectable. 

With the gestalt of operation of gestalt **** 7 of the 7th operation, the inclination of the sigmoid 
fimction which NN judging section 10 uses with the gestalt of implementation of the above 1st 
etc. is made adjustable. Adjustable setting may be performed by software or it may be made to 

perform it in hardware. 

[0062] Drawing 12 is the adjustable explanatory view of a sigmoid fimction, an input value is 
taken along an axis of abscissa, and takes an output value along an axis of ordinate, and shows 
input-output behavioral characteristics. In drawing, if it sees on the basis of l/(l+exp (-x)) of**, 
in l/(H-exp (-2*x)) of**, an inclmation becomes sudden and, as for l/(l+exp (-0.5*x)) of**, 
the inclination is loose. That is, by the F(x) =1/(1 +exp (- alpha*x)) formula, if alpha> 1, the 
inclination of a sigmoid fimction will become sudden and it will become nonlinear [ distinction ] 
more [ it ]. 

[0063] Moreover, if alpha< 1, the inclination of a sigmoid fimction will become loose and 
distinction will serve as linearity more. That is, the inclination of a sigmoid fimction is changed 
and it becomes possible to change differentiation level (response level). Therefore, according to 
the gestalt of operation of**** 7, since differentiation level is changeable according to the 
significance of truth differentiation etc., the high bill truth differentiation equipment of versatility 
can be offered. 

[0064] With the gestalt of operation of gestalt **** 8 of the 8th operation, it is the case of the 
gestalt of implementation of the above 1st, for example, when the truth differentiation section 12 
discriminates from NG, it rejects, and when it discriminates that it is truth, it is made to perform 
whole truth distinction processing. Drawing 13 is the important section block diagram showing 
the gestalt of the 8th operation. 
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[0065] In drawing, fundamental processing of the watermark field extract processing section 9, 
NN processing section 10, and the truth differentiation section 12 is the same as that of the 
gestalt of implementation of the above 1st. As other configurations, it has the load parameter 
storing section 16, the whole truth distinction section 17 which performs the conventional 
envelope processing, and the reference storing section 18 which stores the information on the 
denomination for performing envelope processing, a direction, etc., and the truth differentiation 
by the watermark differentiation processing by NN and the conventional envelope processing is 
used together. 

[0066] That is, if it is O.K. in the result of the truth differentiation section 12, the whole truth 
distinction section 17 will distinguish truth differentiation of the whole bill by the envelope 
method, and rejection processing will be carried out, if this distinction is O.K. and it is a true 
ticket and NG. Therefore, according to the gestalt of operation of**** 8, in order to make the 
watermark differentiation processing by NN use together the truth differentiation by the 
conventional envelope method, truth differentiation of those other than a watermark field can 
also be carried out, a precision rise can be aimed at synthetically, and dependabiUty UP(s). 
[0067] With the equipment of the kind of ****** of the 9th operation, by dispersion in the 
thickness of a bill, and printing concentration etc., when it is made to normalize, owing to, it 
becomes [ a watermark field ] bright beyond the need that the concentration difference of a part 
with deep printing concentration and a watermark field becomes large, or it becomes dark 
conversely, and produces the problem that the input data of NN will vary. 
[0068] The gestalt of this operation solves a problem. Drawing 18 is the block diagram showing 
the 9th configuration of the gestalt of operation, between the watermark field extract processing 
section [ in / in the gestalt of this operation / the gestalt of the 1st operation ] 9, and NN 
processing sections 10 ~ spacing ~ NN input ~ difference ~ what formed the data-extraction 
section 20 ~ it is ~ this NN input - difference ~ the difference of the direction of the description 
pattern with which the data-extraction section 20 was extracted as block data in the watermark 
field extract processing section 9 to a pixel of a train ~ data computed and this makes have 
inputted into the NN processing section 10 

[0069] In addition, since other configiu-ations are the same as that of the gestalt of the 1st 
operation, the explanation is omitted. They are the explanatory view in which drawing 19's 
spacing through with the denomination of a bill, and a direction, and showing the example of the 
physical relationship of a field, and drawing in which drawing 20's spacing through with a 
category and showing the example of the relation of a field logging location. ** shown in 
drawing 19 ~ Category B and a watermark field make a certain denomination A Category C for 
the denomination B to which the denomination A which has a watermark field in a head side 
among bills has Category A and a watermark field in a center section a rear side like. 
[0070] Category A and Category C of a denomination are the same, the case where directions 
differ is shown and Category B shows the case where Category A and Category C differ from a 
denomination here. Thus, since the location of the watermark field of a bill changes with 
directions of [ at the time of reading the denomination of a bill, and a bill ], it is spaced based on 
the information distinguished in a denomination and the direction distinction section 7, and 
determines the location of a field as either the category A of drawing - the category C. 
[0071] The block coordinate value of the logging location P of the watermark field in Category 
A - Category C is beforehand decided like drawing 20 , and it chooses and spaces the coordinate 
value corresponding to the deterauned category, and the field extract processing section 9 spaces 
it, and it starts and extiracts a field. When this is explained with reference to drawing 21 , this 
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drawing 21 is an explanatory view for a watermark field extract. For example, since the 
watermark field of a bill is located in the center section of the bill in the direction distinction of a 
denomination as shown in drawing 19 when the watermark field of a bill is decided with 
Category B By making into upper left zero criteria the block coordinate x= 2 of the logging 
location P shown in drawing 20 , and y= 6, in the x directions, integral block data is started by n 
pieces (the gestalt of this operation 5x6 pieces) in m pieces and the direction of y, and is 
extracted in them. 

[0072] This extracted data is 8-bit multiple-value shade data. Drawing 22 is the explanatory view 
of NN input data, and the numeric value in drawing shows the data number inputted into NN. 
The data number 0 of this drawing serves as an absolute value of the absolute value of the value 
which lengthened the integral value of a data niraiber 0, and the value to which the data number 
20 lengthened the integral value of a data number 20 from the integral value of a data number 25 
similarly from the integral value of a data number 5. 

[0073] such processing - spacing ~ NN input ~ difference ~ it performs from a data number 0 
to a data number 24 by the data extraction section 20 ~ making ~ final ~ 25 difference - data ~ 
obtaining ~ this 25 difference - data are passed through and inputted into NN processing section 
10, and a sum-of-products operation is carried out. in addition, an above-mentioned example ~ 
the direction of a frain ~ difference - although processed ~ a line writing direction - difference 
~ it cannot be overemphasized that you may process, a line writing direction is extracted in one 
excess in that case, and it starts by 6x5 pieces. 

[0074] moreover, the thing for which the entry-of-data range at this time is set to 0 to 256 ~ it is 
~ the difference of order ~ when data exceed 256, it is made 256 and a limit is added to the 
range of data. Drawing 23 is drawing showing the configuration of NN used with the gestalt of 
this operation. This NN is constitiited [ number / of units / of an input layer ] considering the 
number of units of 15 and an output layer as 2 in 25 and an interlayer's (hiding layer) number of 
units. 

[0075] the gestah of this operation - like -- difference - by using data, NN input data spaces and 
it is stabilized to fluctuation of the brightness of a field. NG tickets, such as a copy ticket which 
does not exist in a watermark especially, ~ receiving - fluctuation of the brightness of a 
watermark field - receiving ~ all difference ~ since data become close to a value 0, it can reject 
certainly. 

[0076] Drawing 24 is the explanatory view showing the example of input data at this time, and it 
is indicated that an output value 256 serves as a unit number of an input layer on an axis of 
abscissa, and serves as the output percent of the unit concerned an axis of ordinate with 100%. 
(a) is the example of a true ticket in Ibis drawing, (b) Example 1 of NG (false) ticket, (c) 
Example 2 of NG ticket is shoAvn. 

[0077] In addition, although sigma value is described as 1093, 992, and 1 167 all over drawing, 
respectively, this is the sum total of the output value of each unit. This drawing 24 shows the 
following things. Namely, (a) (b) There is a difference remarkable in the magnitude of an output 
value, and, also for sigma value, (a) is 1093, (b) 992, (b) The output value of direction is small. 
[0078] Therefore, in such an example, although differentiation called a fake bill is possible only 
by comparing only sigma value simply if it is beyond the threshold level value T with sigma 
value and is a true ticket and under the threshold level value T even if it does not use NN (a) (c) 
in a case, a difference remarkable in the magnitude of an output value sees ~ not having - 
moreover - (c) NG ticket cannot perform exact differentiation only by sigma value comparing 
only sigma value simply by 1 167, since it is large compared with 1093 of the true ticket of (a). 



16 



[0079] However, when the technique made to judge due to each unit relation value like NN is 
used, it is with this (a), (c) Differentiation becomes certainly possible even when like. Drawing 
25 is also used and this actuation of NN is explained further. Drawing 25 is drawing showing the 
example of a sigmoid function. In said drawing 23 , differentiation processing of NN shifts in the 
direction of REC. 

[0080] First, the output of the unit in interlayer 10b is as follows when making a sigmoid 
function like drawing 25 into an I/O function, the memory top which this sigmoid value of a 
function does not illustrate ~ beforehand ~ a table ~ it is-izing and held, and when NN 
processing is performed, it is referred to if needed. 

[0081] 
[Equation 1] 



[0082] The output of the unit in ouQ)ut layer 10c is as follows similarly. 

[0083] 

[Equation 2] 



[0084] This output-value 02j Truth is judged. That is, it is 02j if a threshold level value is set to 
100. A true ticket and less than 100 become a rejection ticket about the case where it is 100 or 
more. It is transmitted to the high order equipment which is not illustrated as RES, and this 
differentiation result is reported to an operator. 

[0085] For (a), at the example of the input data shown in said drawing 24 , a differentiation result 
is a true ticket by the output 256, (b) It reaches, (c) The data of a rejection ticket are obtained by 
the case with an output 0. namely, the gestalt of this operation ~ like ~ NN input value ~ 
spacing - the difference of the direction of a train of the integral block data of a field ~ (a) 
which dispersion in NN input data is reduced and is similar by having considered as the value (c) 
Also in a pattern, it becomes possible to carry out truth differentiation correctly. 
[0086] Next, the study approach of NN in the gestalt of this operation is repeatedly performed 
until an accumulation square error with teacher data becomes close to 0, as the output of the unit 
of the output layer 10 becomes right at the sense of the arrow head BP shown in drawing 23 
using said BP method. The watermark pattern of an output 256 and a rejection ticket makes the 
watermark pattern of a true ticket learn in the example of the gestalt of this operation, so that it 
may become an output 0. 

[0087] the amount of load corrections at this time - BP - it is computed by law by the following 

formulas. 

[0088] 

[Equation 3] 



[0089] Thus, by using the BP method, it is possible to turn the error value of each imit of output 
layer 10c to the unit of input layer 10a, and to feed it back in order, and it is possible by 
repeating and performing these actuation to carry out asymptotic [ of the error of all input data ] 
to 0 infinite finally, according to the gestalt of the 9th operation explained above ~ the input data 
of NN ~ difference ~ since it is considering as data, when it is made to normalize by dispersion 
in the thickness of a bill, and printing concentration etc., that a part with deep printing 
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concentration and the concentration difference of a watermark field become large can reduce 
dispersion in the input data of NN based on a watermark field becoming bright beyond the need, 
or becoming dark owing to. 

[0090] Therefore, it becomes possible to carry out NN processing of the pattern of the watermark 
field of a bill in the condition with little dispersion of having been stabilized, and the very highly 
precise differentiation of it is attained. Especially, it becomes strong to fluctuation of the 
thickness and printing concentration of a bill, dirt, etc., and since NN input values, such as a 
copy ticket with which a watermark field does not exist, are stabiUzed even if it is a bill with 
bri^t concentration, and it is a bill with dark concentration, very highly precise bill 
differentiation is realizable. 

[0091] With the bill truth differentiation equipment of the kind of ****** of the 10th operation 
Since a watermark field will be amended bristly beyond the need when the image image of a 
bill is dark, The component of noises, such as few stains, dust, etc. adhering to a watermark field, 
will be emphasized. Like the intact bill as for which a shade difference generates a watermark 
field in the input data of the image image in the bill not existing, or dirt becomes empty 
conversely and which is not, when an image image is bright A watermark field will be amended 
darkly beyond the need and there is a problem [ a shade difference ] no longer coming out of to 
the input data of the image image of the bill of the true ticket with which the watermark field of 
normal exists. 

[0092] Therefore, when NN is made to learn so that the forged ticket which printed the image 
image of the bill of the genuine article incorporated with the copy ticket with which a watermark 
field does not exist, or the scanner by the color printer etc. may be spaced certainly and it may 
discriminate having no field, the true ticket with which the watermark field of normal exists will 
be spaced accidentally, it will discriminate having no field, and the rate of a true ticket 
receptionist in equipment will fall. 

[0093] therefore, a watermark NN input [ in / in the gestalt of this 10th operation / the gestaU of 
the 9th operation ] - difference ~ it is made to carry out gain amendment of the output of the 
data extraction section 20. It can lose becoming possible to negate the effect of normalization, 
spacing beyond the need, and amending a pattern by doing in this way. Drawing 26 is the block 
diagram showing the 10th configuration of the gestalt of operation. 

[0094] drawing -- setting -- 21 - spacing -- NN input -- difference ~ the data gain amendment 
section 21 ~ it is - a watermark NN input - difference -- it is prepared between the data 
extraction section 20 and NN processing section 20. Other configurations are the same as the 
gestalt of the 9th operation, the gestalt of this operation -- setting - spacing -- NN input -- 
difference ~ the data gain amendment section 21 ~ a watermark NN input ~ difference ~ the 
difference outputted firom the data extraction section 20 - it is the amendment section which 
multiplies data by the correction factor alpha (alpha=N/Nr, N:image-data average-concentration 
value, Nr: criteria average concentration value). 

[0095] A correction factor alpha (alpha=N/Nr) is less than one value by the dark image image, 
and becomes one or more values by the bright image image. Gain amendment processing is 
explained using drawing 22 . The data number 0 shown in drawing 22 in the gestalt of this 
operation becomes what multipUed the absolute value which lengthened the integral value of a 
data number 0 by the correction factor alpha firom the integral value of a data number 5, and a 
data number 20 becomes what multiplied the absolute value which lengthened the integral value 
of a data number 20 by the correction factor alpha firom the integral value of a data number 25 
similarly. 
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[0096] Finally by making it perform from such a processed-data number 0 to a data number 24, 
25 description data are obtained. Next, NN processing is performed like the gestalt of the 9th 
operation in inputting it into NN processing section 20, using this gain amendment data as NN 
input data, and truth differentiation is performed by the truth differentiation section 12 based on 
that output. 

[0097] It is transmitted to the high order equipment which is not illustrated, and a differentiation 
result is reported to an operator, the difference which was explained above and which carried out 
gain amendment of the input data of NN with the brightness of an image image according to the 
gestalt of the 10th operation ~ since it is considering as data, dispersion in the pattern of a 
watermark field can be fiirther reduced now, and very highly precise truth differentiation is 
attained. 

[0098] Especially, it becomes strong to fluctuation of the thickness and printing concentration of 
a bill, dirt, etc., and fake bills, such as a copy ticket with which a watermark does not exist, can 
be certainly rejected now, holding a high true ticket recognition rate, even if it was a bill with 
bright concentration, and it was a bill with dark concentration, and very highly precise truth 
differentiation is attained. 

the difference which it is difficult to distinguish from a genuine article, and differentiation 
equipment which can reject these NG tickets certainly is desired, therefore was used with the 9th 
operation gestalt in the gestalt of this 1 1th operation when it was NG ticket with which some 
patterns of a watermark field differ from the genuine article by the method of the gestalt former 
of the 1 1th operation -- differential data are used instead of data. 

[0099] thus, **** for differential data - it becomes possible to become possible to catch the 
pattern of a watermark with a sufficient precision, and to raise truth differentiation precision by 
things further. Drawing 27 is the block diagram showing the 1 1th configuration of the gestalt of 
operation. The gestalt of this operation is what spaced between the watermark field extract 
processing section 9 and NN processing section 10, and formed NN input differential data 
exfraction section 22, and other configurations are the same as that of the gestalt of the 9th 
operation. 

[0100] The watermark NN input differential data extraction section 22 is spaced using a 
differential spatial fiher, and exfracts the boundary pattern of E@JJI of a field positively. 
Drawing 28 is drawing showing an example of the Laplacian fiher used as a differential spatial 
filter. NN input differential data exfraction processing at the time of using such a differential 
spatial filter is explained using said drawing 22 . 

[0101] Since a differential spatial filter does not correspond to all, it cannot create, tiierefore 
differential data are made exfracted about the data number data 0-5 shown in drawing 22 , and 9, 
14, 15, 19, 20 and 24 to data numbers other than this. For example, in drawing, the differential 
data of a data number 6 serve as total of what doubled the data of a data nimiber 6 four, the data 
of a data number 1 , the data of a data number 5, the data of a data number 7, and the data of a 
data nxamber 1 1 . 

[0102] Such processing is carried out also to the remaining data numbers, and, finally 12 
description data are obtained. Thus, NN processing is performed like the gestalt of the 9th 
operation in inputting them into NN processing section 20 like the gestah of the 9th operation, 
using the obtained differential data as NN input data, and tiiith differentiation is performed by 
the truth differentiation section 12 based on the output. 

[0103] It is fransmitted to the high order equipment which is not illusfrated, and a differentiation 
result is reported to an operator. Drawing 29 is drawing showing tiie example of the input data of 
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NN in the gestalt of this operation, (c) Since NN input data and the difference of a true ticket of 
(a) arise when it is NG ticket (some patterns differ), trutii differentiation can be carried out 
certainly. In addition, since the gestalt of the 9th operation explained differentiation of NN, and 
study actuation, the explanation is omitted. 

[0104] With the gestalt of the 1 1th operation, as stated above, since the differential data of the 
watermark field of a bill are created and he is trying to make this input into NN processing 
section, the description of the pattern of a watermark field can be efficiently extracted now, and 
very highly precise truth differentiation can be realized. NG data with which a part of watermark 
of a bill is missing especially can be rejected certainly, and it becomes possible to offer very 
highly efficient equipment. 

[0105] In addition, although the case where the gestalt of each operation mentioned above 
carried out truth differentiation of a bill in automatic machines, such as an automatic vending 
machine, a money-changing machine, and automatic transfer, deposit, a drawer machine, was 
explained, this invention is not restricted to this, and also when performing truth differentiation 
of negotiable securities, a trust policy, a ticket, a document, printed matter, etc., it can be applied. 
[0106] 

[Effect of the Invention] As explained above, even if it does not perform envelope processing 
like before according to the bill truth differentiation equipment of this invention It pretreats to 
the image image read in the watermark field currently printed by the medium using the 
transmitted light etc. Since the effect of nonlinear dotage can be removed firom the smooth image 
of the shape of a mosaic of the watermark field which is the output and a watermark pattern can 
be distinguished now. The effectiveness that truth of a medium can be judged correctly and with 
high precision, using effectively the watermark pattern which is one of the advantages of optical 
system using the transmitted light is acquired. 



[Translation done.] 
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MSs ^»ia«l0b{i5 0ffl<7)j.->yMS, aj:>3«io 
c{42ffiicOJLr^>yMSJ:t, -?-^t'f)h:£*»^«t:i--v 
2, 3, •••^#LTJ)S, A:»]iil OaiO# 

t7)?ftST-^ $r 0 ~ 1 coigfflt'iES'fi: L , -e^oim-ft t 

T^^^liSrai^Jffii: LT^fP^ii 1 0 bcO=S-^--y 
{it^i^-^T**) 0 . fli^cO^JlSIJi 1 0 b«7)#i:i<y hti. 

A:»3« 1 0 a«o^t:<?)JL- .y h kfe-^^ii-rv^i.. mk 
aJ:^«iOck*[a«iobco«S^t,^^Tft 

[0031] mTt^s HKWt3ft]^>ix-CV^|>NNai^ic 
NNJOaSP 1 0c0#«<7)Aai:*3OM^^5:^^-r, 
iSi. f (x) {4Affi:'3raRT»'3. iCiTtiAtiJ^MIS: 
i:L-Ci^^^:^HRB8:?:ffifflL. f (x) =1/(1 + 
exp(-x) ) i:tl>, A:'3)S1 OafctfiailObiORI^ 
Oj = f (1 0 ) 

I j =S (Wij • Oi ) +<9j (i|i = 1.2. 
-, N) 

Oj = f (Ij ) 

Oi : A:*!! 1 0 a<7):L- «y h i Offi^J 

Ij : 4>iaiJHlOb<oa-.y hj^COA:^ 

Oj : ti'IlIJl 1 0 bOCL- .y h j coaiifl 

Wij : A:»3Jil 0 ai7):r- <y h i fc tf^* 1 0 b C^^:i 

-yb j k(7)ig-^^f« 

di : fp^M 1 0 hcr)JL~y h j (7)13^ 

N : K1imiOacr>J-~yh^ ( ii«0m'{±N = 8 

8) 

«f IS® 1 0 b i: ffi^lll 0 c (^SI^ 

I 2j =2 (W2ij • 02i ) +^2j (i = l, 

2. N2 ) 

02j =f ( I 2j ) 

I 2j : Jti^Jiil OcCD:3.--y h j'VOA:^} 
W 2i j : 1 0 b COJL- 'vhib &fjM 1 0 c COJ- 
->yh j i:<^-&?m 
02i : tflSWIl Ob(7)a:::7 h itOffl:'] 
<92j : ai:>3iai OcWJL- -yhjcogiffi 
02j : tUtlll OcCOJL-.y h jcoai:^! 



OiO. ^*^Lc7)^P<-i^'T-^*^\ A^fJ^lOaCO^ 
-y h i kZK-n-fh b . A^'Jii 1 0 ac7)#:L- -y h i 

[0032] ^<?)ai:>J«Oi Ji. X-f}mi 0 aiOi-'y 

h i k 'P^m 1 0 b c7)JL- -y b j t Oig-a-itmWi j 

j(cA:>jStL-&-i:t:=5:l.« U^^^'-^T. 
•y H4^IS-&'CS)l.;ti^). ttJia* 1 0 b<0#ax<y h j 
tcl4. AIlM 1 0 a<0#Ji:^'y b i (r)^ix^ti<r>tii:hii 
Oi <7)^*>'A:tHi I j i: LT A:'J-r«. - t:=5rl. . 
[0033] -eoA:>Jffilj i4. Ij =S (Wij ■ 
Oi ) +6i X-nm^ilt, ^Cl-C, E{4i = 1, 2, 
N ( = 88) t/::i:#<7)^S3TS)0. li'P^ 

110b co^ri .y h j commx'h i>.mz. fpms i o 

b a)^:L~ .y h j XU. XfJiS. I j 2r Affii^l WIS f 
( X ) t;:»^v^TI^L. ffia* 1 0 b<OJL-«y b j <0 
{ii:']€Oj iL-C{iJ:fjH 0ccD#JL->yM. 2fca} 

[0 0 34] ZZ-Cli. v-/^^ hmSrffifflUT. ffi 

Oj =f (Ij ) =l/(l+exp(-Ij ) ) 
Xm.iii^tli>. ^LX. aJ:^JBl 0ccO#JL-.ybj 
( j = 1 , 2 ) -e{±. 4^1311 0 bc7)J.->y hitiiiiJ 

MlOc C0=L~-y h j fcc7)iS-&?f SW2ijtC«^V^/ia 

^#tt*^^ SixT . 1 0 c co#j-- .y h j izxi: 

f^-^Xhlfz)^. ii!,lJM 1 0 c co^:2.-y h j t;{4. i4' 
1 0 b(7)#i-'y b i <D^tl^tl<r)iiilJi^O 2i 

i^*JA:J]ffi I 2 j t bx^Jj-tt c: i: fc^rS , 

[0035] ^i^A*«I 2j (4. 

I 2j =Z (W2ij ■ 02i ) +02j 
X'S-ia^il^. ^^X\ Z{4i = l. 2, N2 ( = 

50) bLtit^<7)mi'Ch'o. 0 ioamioc 

<OJL- .y b j <0|B«t*S . *|tll 1 0 b (0*^ 

- .y b J -cti, X:f}m I 2 j * Affilira^ f ( X ) (cS 
-sfV^T^L. Jt}:ljll 0c<O^ri>yh jcr)ai:J3fi0 2 
j fc tTK^^'Jia5 1 2 H!±l:>Jt-|> , 

[0036] zzTii. i^^^^^^mmmmtx. m, 

0 2j =f ( I 2j ) =1/ ( 1 +exp(-I 2j ) ) 

x-nm^tii, ^m. Mmsmi 2-c{4. fiijiwi:: 
tii:fj^tifctii:hni0c<r):i.~'yhj(Diii:hMO2i i 

mmx^-( xmizx^x:^^^ xLx. nmmu 

^.-ot^. ^(7)li!,1jm02i (4. x^/^:^ H^iCt^J: 
0 0~lO3lML/i/M!cfcLT^ai$tiTV^^/ii6. m 
Hi. y^yAxmo. 8k U^*^. tii:']Ml 0 cco 
-y M 2^^k tT^^$-tt/iJ*^lc{4, EH 

:^iiii Oc<7)i±SM^'o. 8Rh*^'5 2(oai:»3*^o*i.v^ 
{40lci!£v^«^W4^#. a!tcai:>3Jil 0 ccotfi:'^*^' 
0 . 8i^Lh*»o 1 tJ^aj:*)*^' 0 S V^(4 0 1 j£l ^^t3{4 
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[ 0 0 3 7 ] i^. ^y^m^m^ma. Mmmf 

WM:i-- .yMi:CCD'lry-f21:J;o Ximcr,mm^ 
;><-'Jim^M'0 (Sal) . mim^eizx-^xm^ 

s:i=fo/i (sa2, sa3, Sa4)m.m*tmm 
tii!mmi>zx^xmt^Lmmm'otiiLi:musa 
5) . ^mt^immmm^mniLx . o^-icom^ 
mi^n-^xNNmm^i oizinij-rt (sa6) . 
[00 38] -eco^. ^(mt^Lwmi. NN>mui 
oizx-yx. mmT-i^<o^mmmmtf<7)miM o 

iZ. Klim 1 0 a<r)^^~y hizmmf~^iJ'\iilJ^tl 

mm^^^-v hmi^zfrhtL. ^mni^mi 2m 

fSimiOhcr>^^-'yht<Ziii:h^ilh (Sa7(Z)) « 4" 

ISIfll ObTt>. mitiXoiz^ l^^^izm-^^^tz 

mMifi^:i^'y hmi>znt>tL. -e<oai»*s*w2 33&*ai 

:>3iilOc<0#i-.yM. 2iZ\ii1J^tlh {Sal 
(3)) , ai:»3Jil 0 cc7)#i-'y h 1 , 2Xii. ±^Uz 
J: at, J$^?gfStc«':fv^/c^^*^'#^- y M . 2tt 

(cfT^5fT„ -efi-en 0 ~ 1 i t'cT)^^ 1 2 
ai:»3i-&. -et-Cs mmm^i 2xit. 
^mfimi 3i>z^mLxh^muzxy^ mmi^ 
mixmitzXoizMmm'ii isas) , la^t 

[0 0 3 9] Uz^^-yX. ^W>mm 2X'ii. Xy^ 

xmizx-yxMrnm^-f^zb^z^'o. bikt-^^o 

it. BP (A-.y^'TP^'^^-xay j£Sr 

m<7)m^w^^-y^mMi. */h23g^&Eai 
^^{4 1 ^'^i^-ymzmm^K wm^j^o . o suiti/z 

[004 1 ] i-fs |g^9)fiiii--yMfcCCD-feyHf 
2l:i;-^T*^^coWHBtTV^S-9-yr;Wi: ixcomi^-^ 

^-i^'Sr^^^iRO (sbi) . M^aaaset^i-^T^ 
>f ^ - i/c7)x >y i^'fl) 0 ai t . «^ • im-ftiat/Mif JS'J 

€rff-3f>:mi (Sb2 Sb3,Sb4), m^tmi 

mimmmizX'?xm^Lmm<7)m*)tiit^n\> (s 
b5) . ^om^Lmmc^w^m^mtnLx . o-icoas 



E^^fi^-^TMNMafPl 0t:{±i:f3-rS (Sb6) „ 

ccoi^. ^xmyrji^mi^&tstx. mmj^tir 

-rJ'Sria^L^rV^pttUfciftALTfc^ (Sb7) 

bs) . ^<r>'ik. ^(^m-b^Lmmi. NN^agpiot^ 
J; -^xm^T—^<^^mmmt£mi^<7^miw.m<'^ 

mbm^tih. t-T. NNco#JicO»t:S:m^ (Sb 
9 ) , KUm 1 0 ac7)#:2---y hfcBffir-:?*^^:*]^ 

ni. t . mm^mmizm':i\>^timM.m^v 
izmti. ^mmmi 2mm 1 0 bco^:^- 

•yhtCffl^J^ilS (SblO) . tflBIiilObT't. ± 

-y hftt^^T^bn. -eiO«ffi|gmW2 3*iai:'3l 1 0 c<7) 
#j.->yM, 2l,Z\iit)^tli> (Sbl 1) . 

[0042] mz. ^<r>mmm2 3 tmf-^ t 
mmiMMEimL ( sb 1 2 ) , i-Kx<^^ 
T-^i,z-y\yxnotxsh 1 o~sb 1 smm 

^meXKlh^b^<^j:^X\>^^j:^^Xit. m^S 

hisiz^-r. 

[ 0 04 3 ] LT, x:hmi 0 aco#i- .y Hzmm 
r-^'Jt)*f^A§<xi.i ( sb 1 5 ) . m^mmizm-:!^^ 
rzmnti^^^:^yhmz'i7t>ti. ^<7)mnBmi2ii 

ffllEfit AW 1 2 1 i -CfflijES flT ffi^S 1 0 b 
-yh^ZlHil^tll (Sbl6) « ^miOhX'h. 

Mmm2 3{iaijE<iAW2 3 izX -^xniE^ixxm 
^iJi 1 0 c co#JL- .y h 1 , 2iziiii}^ixt ( S b 1 
7) . 

[0044] -?-cO«3ttSmW2 3 fc^fiiliT-:? fc 
co«Sr*^^«!tH t . S b 2 0 izm ( S b 

18) , zcot^. mmzmmiEmMcomexoi^ 

/h$<=5:->Tt^^:VvjJtiS'C{4, Sb2 0<03!!iai:i:t(c 

mmmmi^d (sb 1 9) . 0*0. ffiifiAw 
1 2 fcif je«aw2 3 sr^i^i. , ^<r)m.mt=f»^m 

i/)xmifi\\ 

[ 0 0 4 5 ] i^. ■t^-c<7)^^T-^fcov^Ttf a ^t- 

Sb 1 6~Sb2O^^03iL, -r^TO^^A-^-y 
^ 'b^l^Sr SblO izM^ , ±1211 1 com^<7) 

mmcowmM&imimmzx 1 1 . wmip Lmi.<r)f^ 

ib. m^cr>XdizJiyKu-r>im^^hti:<Xh. m 

mzmm^iix v s*» tism^ ^m^mmm ix 

mim-^tz^ ^~i^lzfiLXm^mi:m\ 

^x'hmt-imm<^^i'^ ^'^co^mmmt-^nm 
mmfmmm *)m^^x. s*^ u -^^-ycommi: 

'i70Z.bi)^X'^lXdt,z^j:l. ^cofzib. S*>t«J^^ 

co#si^+^t#i:t^^. m.'^mim<^y^xizm. 
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^ 2 (^mM<^Bm\i . ±\>zm^mw.<^'mmf^m 

t COT' . ±iai^ 1 c7)||McOJgffiT-(± N N C0#® CD A:>3<i 

0 *^ <i> 1 co^^i!c7)/j^«r J> -5 rz<D\,zn z.<r>m 
x'\t. x:fjioi)-h2'' (TmmtLxmttxoizi 

fzh(r>X'hh. muf. 8b i t(r)A/-DmSk<nmmf 

-^•C'{±. n = 8i00~2 5 6^T'C7)iSfflT'«^S.I 

tc, -mmmtiXdi>z-ttnix^\ 

[0047] m7iim2commmmcom^i^'tyr3 

HlJL-.yMi;. CCD-ky^2t. A/DSmai53 

mpimmmmmt. mmuiot. Nm 

ar-^'fsttap lib. M^m^ i2t. nmmf 

-mmi3bmtx\^i, 

[0048] zti^cr)m'^<r)'^x\ ±mm 1 <r)mm<rm 

mcr)^^bmm-h<r>ii. NN>mT~mMi^i nz 

tSitt-ri.T-^t'$>o. ^cor-i^imizmmti^N 

mmi Qtmrn-h. •f^j:h-h. :m2<r)mmcomm 

-fjvi 1 d^mth, m^kzi^i^^^ \^mLf—^)v 

(Ti-m^m-f. ::c7)$//t>f FRBRr-T'/H 1 
(is mUi. rh'^X00 0 2 592<0#&. xiim. 
(i. 2 59 2/2 = 1 296 J: ^rO. ^B^cOffiJi ( 1 2 
96-2000) /256 = -2. 15f^£h.t,fz. 

^<r>Knw,zmhi^y'^^ HWjR<^as:»3«(±. s^t 

»^ttL^ 1 5*i#!i§<l. ||||l<oai:Jjii{il 5/2 5 
6 = 0. 0 6 -r^:*)*). 7^1^X000 2 59 

2<Dx-)imi-2. i5x\ zmcrnatmiio . oe 

X'$)i>^t^:M^LX^^h. 

[ 0 0 4 9 ] i^. -miz. T 'j^jvmmx'ii 1 63i^ 
;i:iX'imm(r)fzibiomm'mLx^^ho 

^i»c7)^ofS*^«la■C1t^■C'#«./::*^. »JS^«=5r^ 

•fmmz^m^j:!i}mm.?:mx'^ h . 
[ 0 0 5 0 ] . ±iaii 1 (r)mmmm<r)mx\i. 

1 0 c cOffi:'jA^2 0 5 m±*»0 2 c7)ffl:'3*^0 KiS 
v^J^t;|£#. 1 0 c <r>\!&)]1^2 0 5 JjLh*»o 1 

ai^-)}mm.\^ik^\izmb-^xh, m9\,zm2(r>m. 



t-^. imm:i-=~-yYltCCD-^y^2\.Zii->xn 

ik^^-i^mmL^ (sci) . mmm(>^zi.^x 

mW€->tz{Sc2, Sc3, Sc4)^. S*^L« 
l^tliJaag? 9 (I J; -5 T^*^ L^^co^ "9 ttJ t Srtf d 
(Sc5) . -ecOf^, -ecO^A^t^liJi. NNj!!iai51 
Oti-^T. H^KT-^cD#i^0W=5:{fftco^#S:KO 
l^<3!PI€rifiSixl. (Sc6) , *-fs iJiUcia 

A:»3« 1 0 aiO#JL- >y V\,zmiScf~'^i^\&fi-^fi 
Si: (Sc6(D) . ±^UcJ:ot:iS-&?t*t3S-:^v^/i 

«s:A-'#i--y htttc=jTi5ti, ^m%i^mi 2m 

fS|JglObcr)#i->y h(CtB:l3$il|> (Sc6®) , 
ia« 1 0 b T' t . Ji^ t/c J; 0 . m^^^zmrS\ ^tz 
y h«:ffi5ix. -?-cOj|imfemw2 3*^* 
:f3JilOc<0#JL--y M. 2>>Ziii:}]^tlt (Sc6 
® ) . aj*« 1 0 c<o#JL- .y h 1 , 2X'ii. IMbt: 

xoi.z. m^mi,zm-i\^i:im%m:^-'y hi. 2^ 
iz^hti. ^ii^tio^itx<7)m^:mmmmi2i,z 
iiitti>. ^ix. nmmi 2-ca. M&m^ir- 
^msui 3i,zmiiLxh^mi^xy^ xmm^ 

BgL-C, ±^U:^J:ot33l«Sr«g!lL (Sc7) . ^ 

L^j:\,^mmiz^<7)m'mmmixt^U'-:!^i>z 
Mmm\-rt. t^*«oT. mmsmi 2xii. :^ 
y^m^zx-oxnmmwi^kizx^. m^T- 

[005 1 ] ±fBii 2 commmmi/zx h b . imm 1 
ammmm<rymb i: t tc. ±iaii 1 (rimmmm 

m^\.zi!cK^ Q'^l<^Wm&mm^h^j:<X{>i.< 

±iBii 1 (^mmmm'^iM'i^ 2 o>mmmmx\i . m 

25(>X\iMzmsM. Qht\AiZ.tlf<ZT5.\\ 

^bLxMmmnh^xh-^tziiK ifm<^%m 
coj^m-cti. )i^-nm 1 0 c co^- ^ b^€r 3 m&±m. 

tt. ^^n^-yi:-m<m^\i±X(na.=.yhifiO 
N . ^^(^^■^\,z\i-^X(r>:i.- 'vYif^OFFb fCSfii 
1 2 A wr i a t;: L/i , 

[ 0 0 5 2 ] %mmi^htz)i^(r)mm^^^s 

i^. o j{jai:b)ii 0ct;t3tt'?.#ai^jffi$:S^-f« 

■t^ri5*>. m^<7)m^iZii^ 01+0 2+- + 0jSa 
fcio-CWJt. 01+02+-+0 

3<ai,zx^xnmt. utiizx*). :m3<7)m^(r) 
mmx'\i. ^-y w—^<7)'?-'jyimi^i zb-mm 

i:=Sr 0 . ^S'Jt<JE^t-^-r J: ^ tc^Tc7)jL- -y hcotil:^ 

(r):jiy^u-7^(om^zxm\'^bmizmilb 
ij^m^hhiib^^i; 

[0053] Ltzifi-yx. :m3comk(^mmi>zxh 
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[00541 010 iim4 cr)mm(7)mM<7)^^y"xi v ^ 
mmiob %^m\^ 1 2 (nmmtcmmim^ 1 <o 
-^aai • mu 1 4 1 . ^^n-^-y^~^K.-x 1 
[0055] *ii4 c?)^sfico?^is-C'(±. N nmmm 1 0 
mzLtzi,<DX'hh, -ttphh. ±M^i(7)^mm. 

im^. T&t-Lmmmti-^. mtrmx-Mm: 
h-^xh. i^'x ^ hti^-^mmztiix'hii/m 

N" - y^zmM miS.kLx. mwmx^^ 
Sr^tgtt. Mm.^-<y^-^m<xsm-tn>(ox'h 
I.. 

[0056] SfS^S'JgP 1 2 {i. K#<7)i^^tc(i^ jES 

Gi:^r-?yi«^tzi±, mf-mta • mm 

<^i8^t{4. mz^u^ h ix^^^-^is^-yf-^^- 

[0057] L/^*^oT, ±^4<7mm<mmi>z^ 
mmizmuzmwj:mmsfimmiz^j:'o. sutcosii 

tXd^z^j:^, 

cO?g«T*^SiJgSl 27&iNGi;||gt|t/iJ^t, AT 
It LT *3 # . f*t:#M^figtc L/S 0 . tfz. ^c7)Ji-^ 

i-m. mmi>zmmm±i-t ^ t iy^mkz^j:^ , 

[0058] Lfiifi-yX. ^msffmi^mwizx h 



^emmmmxu. mm. mmimmm 
m<r)M^x'h-yx . nmsi^i^i 2mGtm^\Ltz^ 
^mmx'hh. 

[00591 011 \i'me<rmiL<mm^^stmi>^u 

^y^mx'hh. m^ziii\^X')yrvy7.mi^8t. ± 

« • -nmmu 7 1 . Lmmmm^u 9bnm 
mmot 1 2 (Drnm^^mMhm, 1 (T) 
m'^mmtnmxhh. ^<^^m^tLx. mm 
^mf-^y^-^im^i6 (1) -16 (n) mi. 

asi 6 ( 1 ) ~i 6 ( n) \izK)iL. ^<,zmtmm 
y imdth iioiizLtz ii<r>X'hh . 
[ 0 0 6 0 1 oil 0 . ^ • -HmmmL^zmm 
mj-^y ?^'-5'im'omthzb^m.bLtzi:>(7ix\ m 
^ • -Hm:hT^')tin immt^m^z 

-^'S-*)^>*»tftmwJ:0a»LTt3#. 'Jmz«it 

ui. Mzmifz^^y^-^mmixmrnmi 
[006 1 1 :mecDmmcommizx h t . ms^v^ 
htz^. ^h^j:immm\^±.mmx'%^. 

m^m ot>m^h>"f^^ Ymi<r)m^-m\izL 
fzhcoxh^. '^mma. vyh^j^rmz^-ox 

[00621 01 2{ii^^t^ vm^cn^commm 
x\ mmizx:nm. mmi>ziiitim.^m . Amyjm^^ 

^LX\>^^, miZHK^X. CDc^l/ ( l+exp(-x) ) 
iWS^iZM.?>t. 0COl/'(l+exp(-2*x) ) m 
#*i^lc:^:>3. OcOl/ (l+exp(-0. 5*x) ){± 
ffl#*^m*HC'SroTV^|,, o* 0. F (x) =1/ 
( l+exp(-a*x) ) cr,^X\ a>lttib. i^^ 

[0063] ttz. a<lfrhb. i^^^t HRBRiO 

m^\im>i)Hz^j:'o . m%wimmt^j:?,. oto. 
7 <7)^<7)jg!stc j; ^ t . Mmm(omwmi>z}s tx 
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C7)%^T'$) o T , mmmn 1 2 G t Ig^iJ L/^^ 

mmmi:m i o fcUctot-*!., m i sii^sco 

[0065] miznux. m^^Lwmtanmm t n 
Njaaggi oiism^g'jgpi 2<7)mm^j:>mi±±im 
icommmmtmmThi. ^(Dij^com^tix. ^ 

[ 0 0 6 6 ] 0 . Kmm^l 2c03&mTOK^^ 

X. ^macommmmizxtb. NNizxmiptm. 
smmizmt<DJ^yK^~-Tmi>zxiM&imiii:mm^ 
itttiib. mi)>Lmm:M(DM&^mhmmx't . 
m^zm&T'yrmti. mmupti, 

i>zx<o. mit^-^tit^izmmm^^mt. m 
tf^vmmtm&mifiiz^ < ^srot: it o :Lkmm 
x\ mi)^imt^m&±mi<^j:'ot:^. *>i.v^j4 

[0068] i<7)mkmmii. ^mitm-ti tco-c 

mThi>. :i<omm<mmmi<r)mmmi>zmi 
m> immmm^ 9 1 n Nmm^ i o mizma^ i 
f^^x:nmT-mm2omiffzh(ox\ ^con 

0izX1l^-tth<7)b^j:-oX\>'^t. 

[ 0 0 6 9 ] i^. m<^mm i <oiis6<oj^}Bi: mm^ 

b immmmmm^^^tmrnm. m 2 
0 {4;^ y i: mt> tmm 0 ai itmcommmi:^^ 
tmx'hi. mi 9iz^.uzi-xdi,z^ imcoo-h. m 
*^tmmt^9cMm^z$)i,^Aii:^T^vA^ m^im 
m^^^^mizhi>^Bm'r^vB. mn^imum 

[0 0 7 0] ZZT^'r^^JAb>lt'r::fVCi±^tm 

mf:^7-^')Cb^i)mti:h^^^.LX\^h. -Tco 

mmh^mnzx ^m^£h<r>x\ ■ mmmu 
7 x^m^Ltzmiizm-^^^xm^Lmmmmmm 



1007 l^l :^^zfV A^:^^:fOC^zmmi}^Lm 

f'ibmi^tLxti'o. m^^titz:^T^oizm-tm 
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